Objectives: To examine Ebola virus disease (EVD) symptom prevalence and EVD status among pregnant women in Ebola isolation units in Sierra Leone.
| INTRODUCTION
Very little information has been published about the symptoms of Ebola virus disease (EVD) in pregnant women during the recent, or in previous, EVD outbreaks. Limited evidence from previous outbreaks suggests EVD is more severe and yields higher mortality in pregnant women. [1] [2] [3] One possible reason for higher morbidity and mortality associated with EVD in pregnancy is that identification of EVD symptoms among pregnant women may be difficult owing to the overlap in symptoms of pregnancy and labor with EVD. 4, 5 Muscle/joint pain, nausea/vomiting, diarrhea, stomach pain, or unexplained bleeding are common among pregnant or laboring women and in persons suspected of having EVD. 5 During an Ebola outbreak, concerns about preventing ongoing infection through exposure to blood and bodily fluids may contribute to delayed or insufficient care
for immediate obstetric needs, leading to excess morbidity and mortality for pregnant women and their fetuses. 4, 6 During the 2014 EVD epidemic, prolonged turnaround time in receiving reverse transcription
polymerase chain reaction (RT-PCR) EVD test results before the introduction of the rapid diagnostic EVD test impeded efforts to improve
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accuracy in identifying pregnant women suffering from EVD versus pregnancy complications or labor.
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In populations with resource constraints and high maternal mortality pre-outbreak, efforts to decrease mortality and morbidity associated with EVD among pregnant women are particularly important during EVD outbreaks. 5, [8] [9] [10] Sierra Leone's maternal mortality ratio was an estimated 1100 maternal deaths per 100 000 live births preceding the 2014 EVD epidemic, one of the highest in the world. 5, 9, 10 An estimated 79 doctors, nurses, and midwives had died from Ebola in Sierra Leone as of May 2015, an impact that one modeling paper estimated to increase the maternal mortality ratio by 74% (95% confidence interval [CI] 51-97) compared with pre-EVD.
11
More information is needed on the clinical presentation and symptomatology of EVD among pregnant women. By improving screening, diagnosis, and prognosis, this information could help reduce morbidity and mortality of pregnant women with suspected EVD, and will guide healthcare provision during future EVD outbreaks. The aim of the present study was to contribute to these goals by examining the prevalence of EVD symptoms and complications, and associations between EVD symptoms and EVD status among pregnant women admitted to isolation units in Sierra Leone.
| MATERIALS AND METHODS
An observational study design was used to retrospectively abstract medical record data for isolation unit admissions that occurred from 
| RESULTS
Of the 176 pregnant women included in the study sample, and allowing for missing data, 55/169 (32.5%) tested positive for EVD (Table 1) .
Women in the sample had a mean age of 25 years and 80/101 (79.2%)
were married. About half had occupations as farmers/traders (55/109, 50.5%) or were in the "other" (49/109, 45.0%) category (Table 1) . Of 62 women with data on labor status, 30 (48.4%) arrived at the EVD isolation unit in labor or delivered within 24 hours of arrival. The three most common symptoms and complications were fever (114/163, 69.9%), self-reported abdominal pain (115/163, 70.6%), and self-reported fatigue or weakness (105/163, 64.4%). These were also the three most common EVD symptoms and complications among pregnant women who tested positive for EVD (n=55) ( Table 2 ) and all women who arrived in labor regardless of EVD status (n=30) (data not shown).
Comparing the prevalence of self-reported EVD symptoms and complications and fever upon admission by EVD status, and allowing for missing data of seven women, the study found that pregnant women who tested positive for EVD were significantly more likely to have fever (n=46, 86.8%), fatigue or weakness (n=43, 81.1%), nausea or vomiting (n=34, 64.2%), headache (n=35, 66%), muscle or joint pain (n=31, 58.5%), vaginal bleeding (n=17, 32.1%), unexplained bleeding (n=11, 20.8%), and sore throat (n=7, 13.2%) compared to pregnant women who tested negative for EVD (P<0.05 for all comparisons) ( Table 2 ).
Unadjusted and age-adjusted results from separate logistic regression models examining the odds of EVD associated with each EVD symptom and complication are presented in Table 3 . In general,
T A B L E 1 Characteristics of the study population (n=176). 
| DISCUSSION
Results from the present study were able to inform clinical management for pregnant women with suspected EVD by providing information on EVD symptoms and complications associated with EVD positivity. Several EVD symptoms and complications were associated with increased odds of testing EVD positive, and some of these were also signs and symptoms of labor and pregnancy complications, making EVD diagnosis, based on symptoms, in pregnant women particularly difficult. It is likely that EVD symptoms are also similar to complications from other Ebola-like illnesses or endemic infections such as Lassa fever and typhoid fever. The present study emphasized the challenges of identifying EVD among pregnant women in isolation units during an EVD outbreak.
When EVD status is unknown, ensuring appropriate and timely clinical care, potentially including isolation, is strikingly difficult.
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Specifically, discerning symptoms of EVD from complications of labor and pregnancy can hinder triage and patient management. In the study, the majority of pregnant women tested negative for EVD, and 55 (32.5%) tested positive. However, EVD-negative women admitted to the EVD isolation unit with pregnancy complications or in labor with symptoms similar to EVD often did not receive the care they needed until their EVD status was confirmed, a process that often took several days. The correct identification and triage of pregnant women with EVD is critical to reducing infections, allocating resources This present study, and other studies, 6, 13, 16 demonstrate the challenges in developing EVD screening criteria for pregnant women owing to the similarity of the symptoms suggestive of EVD in the case definition to those of pregnancy complications and labor. In the present study, the broad criteria in Figure 1 was used as the preliminary case definition in the hope of identifying all the true cases. The use of the criteria in Figure 1 was standard practice during the EVD outbreak in Sierra Leone. In addition to difficulties in discerning symptoms of pregnancy complications and labor from EVD, there was also concern over EVD in asymptomatic pregnant women and women masking symptoms of EVD, thus complicating our ability to properly screen for EVD.
Shedding of Ebola virus in an asymptomatic pregnant woman was reported in Liberia. In this case, the patient was afebrile and reported no contact with EVD suspects, thus not meeting the "case definition"
criteria. She developed symptoms on day three and died 7 days from admission. 17 Similarly, in the present study, there were reports of pregnant women who tested positive for EVD who developed fever 1-2 days after admission. Self-medicating and masking fever, while not confirmed in the study population, was not uncommon during the outbreak and is also verified in other studies. 18 Continued documentation of vital signs after admission, among many other measures, is needed to guide treatment and management. Such management should be implemented to decrease deaths among patients and providers. EVD case fatality rate during pregnancy has been reported to range between 50% and 70%. 13, 19 Any efforts to improve early identification and treatment of EVD infected pregnant women may reduce the case fatality rate.
There were several strengths and limitations associated with the present study. To date, albeit small, this study represented the largest collection of symptomatology data among pregnant women with EVD. Limitations associated with this analysis included selfreported symptom and complication data collected at the time of admission, which may have been subject to recall bias and missing information. Also, isolation unit staff did not draw antibody titers or other diagnostic tests to determine if women had EVD infection prior to entry in the isolation unit: information on whether a pregnant woman had previous EVD infection was important given
evidence that pregnant women who tested negative for EVD may still have had EVD positive amniotic fluid, placenta, and fetal blood samples. 4, 13, 20 Additionally, the study sample was limited to women who reported to hospitals and isolation units during the EVD epidemic. These women may or may not have had more severe illness or pregnancy complications. Utilization of maternity delivery services in health facilities was about 54% in Sierra Leone prior to the EVD outbreak, declining approximately 23% by October 2014. 9, 21 Women with severe pregnancy complications may have been more likely to seek care at health facilities during the EVD outbreak despite decreased confidence in the health system, loss of healthcare staff and perceived risk of contracting EVD. 5, 9 Missing data was a common occurrence, not unusual in a challenged healthcare system exacerbated by an outbreak. More complete record keeping and medical chart data documentation on pregnant women upon admission and during isolation would provide increased knowledge of symptom, complication, and morbidity information. The present study sample was not nationally representative and focused on four districts with data on pregnant women suspected of EVD and admitted to EVD isolation units. In addition, the sample was not representative of the population of all pregnant women in Sierra Leone during the EVD epidemic. Finally, numerous confidence intervals were wide owing to small sample size.
In conclusion, the study documented the challenges in differentiating pregnant women who have EVD from those who are in labor or have complications of pregnancy, but without EVD. Despite statistical significance, the high prevalence and similarity between EVD symptoms and complications and those of labor and pregnancy complications provides little help in establishing reliable criteria for pregnant women and guiding clinical decisions for EVD in pregnancy. The results of the study highlighted challenges associated with recognizing symptoms of EVD in pregnant women and represented a starting point for establishing an EVD case definition during pregnancy.
There is a need for additional research into the clinical presentation of EVD in pregnant women compared to pregnant women without EVD during EVD outbreaks. Such information would improve and refine EVD screening of pregnant women, strengthen treatment measures, and improve patient prognoses.
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T A B L E 4 Associations between individual EVD symptoms and EVD among pregnant women. 
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